The research work was conducted on 105 broiler chicks (Cobb-500) with a view to determine the rate of distribution of Newcastle disease virus (NDV) in various organs following infection through natural (intranasal, intraocular and oral) and parenteral (intravenous, intramuscular and subcutaneous) routes of inoculation at different ages (7, 15 and 28 days of old). Each bird received a dose of 0.2 ml of NVNDV (300 ELD 50 ). Body temperature, onset of clinical signs and mortality of birds (if any) were recorded daily. Blood samples were collected from the birds to determine the serum HI titre before and after infection. Faeces and various tissue samples (brain, lungs, kidney, colon, bursa of Fabricius, spleen and thymus) were collected daily following post-mortem examination of one bird from each sub-group to determine the presence of NDV along with their HA titre through inoculation into embryonated hen eggs. Some representative samples were also inoculated into chicken embryo fibroblast (CEF) cell culture for isolation of NDV. The highest body temperature (≥108 0 F) was recorded in the birds of almost all the experimental groups between 48 and 72 hours of PI. Appearance of clinical sings was observed earlier (between 48 to 72 hours of PI) in parenterally infected birds than those of inoculated through natural routes. The shortest duration (>26-54 hours of PI) and longest duration (67-132 hours of PI) of death time recorded in birds those were inoculated through IV and oral routes of infection respectively. Isolation of NDV was positive from day 2 of PI and onward in all the groups with some minor variations in some cases. The CEF cell culture system was found more sensitive compared to avian embryo. Irrespective of routes of inoculation and age of birds, there was significant (p<0.01) increase in the mean HA titre of NDV with the progression of time. The highest HA titre of NDV was found in the brain tissue followed by lungs and kidney. Significantly (p<0.01) higher HA titre of NDV isolate was recorded in the birds of all the experimental groups inoculated through IV route. Following infection, the MDA titres decreased day by day in the birds with the increase of HA titres of NDV.
INTRODUCTION
Among the poultry viral diseases, Newcastle disease (ND) has been classified as a list "A" disease by the Office International des Epizooties (OIE) because of its high contagiousness and resulting high morbidity and mortality in susceptible birds (Liu et al., 2006) . The ND is caused by an enveloped, negative-sense, single-stranded RNA virus i.e. Newcastle disease virus (NDV) of the genus Rubulavirus under the family Paramyxoviridae (Alexander, 1997 and Lamb et al., 2000) . According to the strain variation, the rate of morbidity and mortality of poultry in a flock due to ND varies from 90-100% and for this reason, poultry industry all over the world faces serious economic losses every year (Awan et al., 1994 and Gutierrez-Ruiz et al., 2000) .
The growth kinetics of NDV may be the way of distribution of this virus in different systems after infection. As NDV is a multisystemic virus, it travels the host's body to affect the target organs like brain, lungs, kidney etc. In early stage of the infection, it is not possible to isolate the virus from all the organs which will depend on the pathotypes of NDV. The neurotropic virulent NDV mainly affects the nervous and respiratory system (Wilczynski et al., 1977) , but this strain may also be isolated from lymphoid and digestive system (Haque, 2007 and Babu, 2007) . NDV causes death of birds infecting single or multiple organs. After introduction of NDV into the body, the rate of distribution throughout the body may be slow, moderate or faster depending on the nutritional status, immune status and breeds of the birds.
_____________
In field condition, birds usually get NDV infection through natural routes like intraocular (IO), intranasal (IN) and oral route. Initially after entrance into host's body, multiplication of the virus occurs at entrance site. Then the viruses enter into the blood and distribute themselves to the different target organs and multiply there (Li and Hanson, 1989) . In case of IM or SC routes of inoculation, the viruses initially multiply at the site and then enter into the blood stream to be distributed to the target organs. If viruses are injected intravenously, it is assumed that they will be distributed easily to the target organs very rapidly compared to that of IM or SC routes of inoculation. There are no reports in Bangladesh regarding in vivo distribution of NDV in different tissues of birds after infection through different routes. So, it is important to know how fast viruses are distributed throughout the body following natural and parenteral routes of infection. This paper describes the in-vivo growth kinetics i.e., distribution of virulent NDV in different organs of broiler chickens following experimental infection through different routes.
MATERIALS AND METHODS

Broiler birds
A total of 105 day-old-broiler chicks of Cobb 500 were obtained from C.P. Bangladesh Co. Ltd., Dhaka and maintained in the experimental animal shed of the Department of Microbiology and Hygiene, BAU, Mymensingh with strict biosecurity.
Reference viruses
Neurotropic virulent Newcastle disease virus (NVNDV) was obtained from the repository of the Department of Microbiology and Hygiene, BAU, Mymensingh. This virus was used for experimental infection and as positive control in haemagglutination (HA) and haemagglutination inhibition (HI) tests.
Fertile hen eggs
Fertile hen eggs with a good hatching rate (95-98%) were collected from Poultry Farm of FnF Pharmaceuticals Ltd., Jhenaidah. The eggs were incubated at 37°C in an egg incubator of the Department of Microbiology and Hygiene maintaining relative humidity of 85% for 10 days. The well developed healthy embryos were used for the propagation of reference NVNDV as well as various tissue samples of birds of different experimental groups for the isolation of NDV, to determine ELD 50 of reference NVNDV and also for preparation of chicken embryo fibroblast (CEF) cell culture.
Experimental infection in broiler chickens with reference NVNDV
All the broiler chicks (105) were divided into four groups named as A, B, C and D. Each group except group D consists of 30 chicks. Further, chicks of groups A, B and C were equally sub-divided into six sub-groups based on the natural (intranasal, intraocular and oral) and parenteral (intravenous, intramuscular and subcutaneous) routes of infection. All the chicks of group A were experimentally infected at day 7 of age, chicks of group B at day 15 of age and group C at day 28 of age. Each bird of all sub-groups was received 0.2 ml of NVNDV (300 ELD 50 /bird). The group D containing 15 chicks served as non-infected control.
Rectal temperature and clinical signs manifested by the birds of infected groups were recorded daily until death after experimental infection with NVNDV. One bird from each sub-group was subjected to post-mortem examination daily after infection. And various tissue samples (brain, lungs, kidney, spleen, bursa, colon and thymus) and faces were collected for isolation of NDV.
Collection of blood samples to determine MDA before and after infection
Blood samples were collected from birds of groups A, B, C and D (control) on day 6, 14 and 27 respectively before infection and daily after infection up to day 5 of PI. Sera were separated and subjected to HI test to determine the titre against NDV (Reed and Muench, 1938) .
Inoculation of samples into avian embryos
The inoculum was prepared from all the samples and inoculated into ten-day-old embryonated hen eggs. The embryos died within 24 hours of incubation were discarded and those died after 24 hours of inoculation were chilled at 4°C for 2 to 4 hours and then the clear allantoic fluid was carefully collected. All the collected AF were subjected to plate haemagglutination and microplate HA tests following the procedure of Reed and Muench (1938) .
Isolation of virus using CEF cell culture
The 9-day-old healthy avian embryos were taken for cell culture. The bodies of embryos without head, viscera and appendages were chopped and washed 2-3 times with PBS. Two percent trypsin was added for 15 minutes to trypsinize the tissues. Then the cells were washed three times with PBS. Cells were transferred in culture bottle containing growth promoting media and incubated at 37 0 C for 48 hours to observe confluent growth of cells. The confluent monolayer was allowed to infect with 0.2 ml of inoculum prepared from NDV suspected tissue suspension and kept at 37ºC for 45-60 minutes for the establishment of better attachment of the viruses to the cells.
Statistical analysis
Analysis of variance (One way and two way) was performed to find out the significant differences among the data obtained from experimental infection in different groups of birds where applicable using Statistical Package for Social Sciences (SPSS) Version 13.0 for Windows (Coakes et al., 2006) .
RESULTS AND DISCUSSION
In the present study, following infection through natural routes (IN, IO and oral) with NVNDV, most of the birds of different experimental groups showed high rise of body temperature (≥108 0 F) up to 72 hours of postinoculation (PI) while the birds those were inoculated parenterally showed high body temperature up to 48 hours of PI. The usual phenomenon is that following infection, there is viral replication in the body of the chickens and subsequently results in viraemia and increased levels of viral pyrogens and elevated rectal temperature thereafter (Kouwenhoven, 1993 Clinical signs recorded in this study were high rise of body temperature, loss of appetite, aggregation of birds, drowsiness, diarrhoea, respiratory distress, paralysis of legs and wings and head shaking which correspond with the findings of Alexander (1997) and Wakamatsu et al. (2006) . Appearance of all most all the clinical sings manifested by the birds of groups A (inoculated at 7 days of age) and B (inoculated at 15 days of age) were observed within 72-96 hours of PI in case of natural routes and within 48-72 hours of PI in case of parenteral routes of infection. However, the birds of group C inoculated at 28 days of age showed clinical signs earlier i.e. within 48 hours of PI following infection through natural routes and within 24 hours of PI following infection through parenteral routes. Early onset of clinical signs by the birds of group C may be due to absence of maternally derived antibody (MDA) at the time of infection. The nervous signs such as paralysis of legs and wings were observed at day 5 in case of natural routes and day 3 in case of parenteral routes of PI in the birds of all the three groups (A, B and C) which supports the earlier observation of Hamid et al. (1991) .
The mean death time differed significantly (p<0.01) between the different natural and parenteral routes of infection (Table 1) . However, no significant variation was observed between oral and intraocular routes of infection. Among the three natural and three parenteral routes of infection, the shortest mean death time was recorded in IV inoculated birds of each group (group A: 42.4±10.2 hr, group B: 38.8±8.9 hr and group C: 37.4±8.1 hr ( Table 1 Regardless of routes of infection, the significant (p<0.01) variation was found in mean death time between the three groups of birds those were inoculated at different ages. The shortest duration of death time (26-96 hours of PI) was recorded in birds those were inoculated at 28 days of age (group C) and the longest duration of death time (30-132 hours of PI) was recorded in birds inoculated at 7 days of age (group A) ( Table 1 ). This variation in death time may be due to the effect of MDA remained in the blood of the birds at the time of infection (Alexander, 1997). th column indicates overall significant (p<0.01) differences between the corresponding routes of inoculation regardless of age at inoculation. Different lettering in the 10 th row indicates overall significant (p<0.01) differences between the groups regardless of routes of inoculation. Table 2 . Day-wise isolation of virus from different organs of broiler birds following experimental infection with NVNDV through natural routes using avian embryo Following infection through natural routes (IN, IO and oral), all the tissue samples (brain, lungs, colon, kidney, bursa, spleen and thymus) and faeces collected at day 4 of PI and onward from birds of groups A (inoculated at 7 days of age) and B (inoculated at 15 days of age) and day 3 to onward of PI from birds of group C (inoculated at 28 days of age) were positive for virus isolation (Table 2 ). However, isolation of NDV was possible from some tissue samples (lungs, kidney and colon) collected at day 2 of PI from group C. These findings of the present study strongly support the findings of Wakamatsu et al. (2006) who isolated NDV from brain, lung, kidney, bursa, spleen and thymus within 3-5 days of PI through oral route. Haque (2007) also isolated NDV from spleen, lungs, colon and brain within 3-4 days of PI through natural routes of inoculation.
In case of parenteral routes (IV, IM and SC), isolation of NDV was positive from faeces and all other tissue samples (brain, lungs, colon, kidney, bursa, spleen and thymus) those were collected at day 2 of PI and onward from birds of all the three groups except the samples collected from birds of group A inoculated through SC and IM route of inoculation (Table 3) . Hamid et al. (1991) isolated NDV from lungs, brain, spleen and bursa within 2-5 days of PI through IM route which strongly supports the findings of the present study of virus isolation after infection through IM route. Isolation of NDV was not possible from various tissue samples collected at day 1 of PI even from parenterally inoculated birds except brain, lungs and kidney of birds inoculated intravenously at 28 days of age. Table 3 . Day-wise isolation of virus from different organs of broiler birds following experimental infection with NVNDV through parenteral routes using avian embryo All the five samples those were positive for isolation of virus in avian embryo were also positive for isolation of viruses in CEF cell culture. Again, among the 5 samples those were negative for virus isolation in avian embryo, three of them were positive for isolation of viruses in CEF cell culture. The rate of virus isolation in CEF culture indicated that CEF cell culture is superior for isolation of NDV to that in avian embryos. This finding is in agreement with the observation of Alexander (1997) and Roy and Vanugopalan (1999) . However, the rate of virus isolation could be increased if these samples were inoculated in SPF eggs in this study (Haque, 2007) . The cytopathic effects (Figs. 3-6 Of the three parenteral routes of infection (IV, IM and SC), significantly (p<0.01) higher HA titre of NDV isolates was recorded in IV route of infection and of the three natural routes of infection (IN, IO and oral), the HA titre of isolated NDV was significantly (p<0.01) higher in IN route of infection compared to those of IO and oral routes of infection (Table 4) . It may be assumed that, following inoculation through IV route, viruses directly enter into the circulation and subsequently distribute to different organs at faster rate (Flint et al., 2004) .
Of the various tissue samples, the highest titre of isolated NDV was found in allantoic fluid (AF) collected from the embryos inoculated with brain tissue followed by lungs and kidney respectively. As the NDV was neurotropic in nature, there might have more multiplication of virus in brain tissue (Wilczynski et al., 1977; Banerjee et al., 1994) . However, results of higher HA titre of NDV in lungs and kidney is consistent with the findings of Hamid et al. (1991) . Following experimental infection with NVNDV through six different routes (IN, IO, Oral, IV, IM and SC), the MDA titres decreased day by day in the birds of different experimental groups (Table 5 ). This finding slightly disagree with the findings of Oladele et al. (2005) who found increasing trend of antibody titre after 2 day of PI in case of inoculation of mild virulent NDV in their study. However, it is interesting to note that the MDA titres decreased day by day with the increase of HA titres of NDV from different tissues regardless route of infection incase of broiler birds of different experimental groups.
